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74a Sunday, February 16, 2014intermediatary step in either the loading or condensation reaction. We also
describe the binding of Spo0J to DNA in a number of different assays,
including a magnetic tweezer-based approach.
Chromatin and the Nucleoid
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The maintenance of gene repression is crucial for the prevention of cancer
development and progression. PRC2 (Polycomb repressive complex 2) regu-
lates the transcriptional repression of oncogenes through the tri-methylation
of histone H3 at lysine 27 (H3K27me3), which is accomplished by the PRC2
catalytic subunit EZH2. Aberrant expression of EZH2 can lead to the onset
of several highly aggressive cancers including prostate, breast, lung, mela-
noma, lymphoma, and pancreatic cancer. Efficient methyltransferase activity
of EZH2 in vivo is dependent on the presence of the PHD finger protein 1
(PHF1), however the mechanism by which PHF1 regulates EZH2 is poorly un-
derstood. We hypothesize that PHF1 interacts directly with EZH2 at gene pro-
moters and stimulates tri-methylation of H3K27, thereby facilitating silencing
at key genes. Here we report our findings from binding studies of the EZH2-
PHF1 complex and the effects of PHF1 on EZH2 methyltransferase activity.
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Folding of genomic DNA into compact but dynamic eukaryotic chromatin is
driven by attractive interactions between nucleosome core particles (NCPs)
and is inherently related to regulation of DNA replication, transcription and
repair.
However, little is known about the molecular details of the NCP-NCP contacts
as well as of the nature and scale of forces involved. Chromatin folding is sen-
sitive to both the ionic environment and to the sequence and modifications of
the positively charged N-terminal histone tails.
Combining experimental and computer modelling approaches, we study
nucleosome-nucleosome interaction in ordered phases of stacked mono-
nucleosomes as well as in folded nucleosome arrays (chromatin). Folding of
chromatin fibres and intermolecular association of NCPs have been investi-
gated as a function of ionic conditions and in the presence of posttranslational
modifications in the histone tails, prepared by semi-synthetic ligation chemistry
methods. Using sedimentation velocity analytical ultracentrifugation (AUC),
X-ray diffraction (SAXS) and single molecule force spectroscopy methods,
the dependence of NCP stacking and the stability of the folded fibres were
investigated.
Furthermore, using an advanced coarse-grained (CG) NCP model, computa-
tional modelling was used to investigate cation-induced NCP-NCP interac-
tions. The CG model takes into account the detailed shape and charge
distribution on the NCP, thus adequately describing the electrostatic interac-
tions. The experimental behaviour is mostly dominated by unspecific electro-
static interactions. However, the close NCP-NCP stacking contacts show
great sensitivity to the presence of the H4 histone tail and to modifications
within this tail.
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It is becoming increasingly clear that the dynamics of nucleosome assembly,
stability and disassembly are of key importance for DNA compaction as well
as for the control of the accessibility of the DNA for transcription and replica-
tion. Here we report a single-molecule study of the assembly of nucleosomes
which reveals unexpected dynamic chiral fluctuations of tetrasomes. We use
freely-orbiting magnetic tweezer (FOMT), which simultaneously report on
the changes in twist and length of individually tethered DNA molecules, tomonitor the loading of either (H3-H4)2 tetramers or complete histone octamers
onto DNA by Nucleosome Assembly Protein-1 (NAP1). We find that the DNA
undergoes a change in linking number DLk of 0.73 5 0.05 per assembled
tetramer, and a change in linking number of 1.2 5 0.3 turns per assembled
nucleosome. Remarkably, in the absence of applied torque tetrasomes, but
not nucleosomes, undergo spontaneous flipping between a preferentially occu-
pied left-handed state (DLk = 0.73) and a right-handed state (DLk = þ1.0),
separated by a free energy difference of 2.3 kBT. This spontaneous flipping
occurs without concomitant changes in DNA end-to-end length. Controlled
application of positive torque can convert tetrasomes that occupy left-handed
states into tetrasomes that occupy right-handed states, while nucleosomes sub-
jected to torques up to 11 pN$nm do not change chirality. These dynamics sug-
gest that the removal of the outer histones H2A and H2B, e.g. by remodelers
like NAP1, lay bare a dynamic tetrasome. This tetrasome can readily accom-
modate the build-up of positive torque, e.g. ahead of elongating RNA polymer-
ases, through conformational changes. Thus, our findings reveal a new
dynamical rearrangement of nucleosomes that offers a mechanistic explanation
for the control of DNA supercoiling upon processing of chromatin in the cell.
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Post translational modifications (PTMs) on the histone core can serve as epige-
netic markers by regulating the accessibility of DNA wrapped inside the nucle-
osome. They accomplish this by changing the rate at which DNA partially
unwraps from the histone core. Since histones often contain multiple PTMs
we made nucleosomes with histones containing distinct combinations of muta-
tions that mimic known PTMs. We then used Cy3 and Cy5 FRET labels on the
DNA and octamer to quantify the combined impact of multiple PTMs on nucle-
osome unwrapping and DNA accessibility.
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The fundamental unit of chromatin, the nucleosome, consists of DNA wrapped
around a histone protein octamer core. Histones contain a large number of post
translational modifications (PTMs), which often function as protein binding
sites. Certain transcription factors recognize these PTMs, while simultaneously
binding either nucleosomal or linker DNA, which could enhance transcription
factor binding affinity. Triple methylation of Lysine 36 (K36me3) on histone
H3 is of particular interest as it is a mark of active transcription and located in
the DNA entry-exit region of the nucleosome. Binding to K36me3 could influ-
ence the lengthofDNAwrapped into the nucleosome.Using aFRETsystemcon-
sisting of a donor fluorophore (cy3) in the entry-exit region of nucleosomalDNA
and the acceptor (cy5) attached to the c-terminal tail of Histone H2A, we probe
the influence of TF binding to DNA and H3K36me3 on nucleosome wrapping.
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High-mobility group (HMG) proteins are DNA binding proteins believed to
play a significant role in reorganizing the conformation of chromatin, which fa-
cilitates transcription, replication and DNA repair. HMO1 is a dual box HMGB
protein from Saccharomyces cerevisiae that generates strong bends in DNA.
These bends disrupt chromatin, possibly opening binding sites for other factors.
To study this architectural function, we have observed the conformation of nu-
cleosomes deposited on a surface using an atomic force microscope (AFM).
The AFM images are obtained by probing nucleosome arrays in liquid,
revealing tightly compacted nucleosomes, which are characterized by small
inter-core particle distances. Increasing concentrations of HMO1 decrease
average core particle distances, which indicates that these proteins alter chro-
matin structure. Complementary experiments utilize Optical Tweezers (OT)
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data shows that forces of 10 - 20 pN are required to fully disrupt the core par-
ticles, and further experiments are expected to reveal the stability of the nucle-
osomes in the presence of HMO1.
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The genomic material of the eukaryotic cell exists in the nucleus in a complex
termed chromatin. Chromatin has evolved as an elegant mechanism for the dy-
namic regulation of the genome, undergoing dramatic fluctuations in structure
throughout the cell cycle. Chromatin structure is spatially and temporally modu-
lated by several means including post-translational modification (PTM) of the
histone proteins. Histone PTMs modulate chromatin structure through two prin-
cipal mechanisms: 1) direct alteration of chromatin structural contacts or 2)
recruitment of co-factors through recognition by cognate effector subdomains.
Histone PTM recognition has been widely studied and families of effector do-
mains have been identified which have specificity for particular histone marks.
However, these studies have largely utilized only a peptide fragment correspond-
ing to the modified histone tail of interest and isolated effector domains, whereas
these domains most often exist in multiples. As a result, there is a large gap in our
knowledge of how these domains recognize modifications in the context of the
nucleosome. Moreover the overarching question of how these effector domains
interpret combinations of modifications remains a complete mystery.
Here wemove beyond the histone tail and address questions of molecular mech-
anisms underlying effector domain association with the full nucleosome. Utiliz-
ing NMR spectroscopy, we investigate the association of the BPTF
bromodomain-PHD finger tandem construct with the nucleosome. The associa-
tion of the individual effector domains with histone PTMs has previously been
reported using histone peptides, revealing the PHD finger specificity for
H3K4me3 and non-specific interaction of the bromodomain with acetylated ly-
sines. Interestingly it was also demonstrated that the bromodomain-PHD finger
cassette associates specifically with a nucleosome containing the H3K4me3 and
H4K16ac histone modifications. Here we investigate the underlying molecular
mechanisms that dictate its association with this specific set of modifications.
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A human body contains enough DNA to circle the Earth’s Equator for more
than 2.5 million times. A long-standing puzzle is to understand the principles
which allow cells to both organize their genomes into chromatin fibers in the
crowded nuclei, and also to keep the DNA accessible to many protein com-
plexes. Nucleosomes, the basic packaging units of the DNA, allow this million-
fold compactification. With nucleosomes covering about three quarters of the
DNA, their positions are essential for gene regulation.
We study physical models which predict the genome-wide organization of the
nucleosomes and also the relevant energies
which dictate this organization [1-3]. We
present a rigorous statistical mechanics
model which is able to explain the recent
experimental observations by taking into ac-
count nucleosome unwrapping, competition
between different DNA-binding proteins,
and both the interaction between histones
and DNA, and between neighboring his-
tones. We show a series of predictions of
our new model, all in agreement with the
experimental observations.
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When DNA is packaged into nucleosomes and higher-order chromatin struc-
tures, it is inaccessible to many vital cellular processes such as DNA tran-scription, replication, and repair. The lowest level of chromatin packaging
is the nucleosome, in which DNA is wrapped around an octamer of core his-
tones. To allow DNA access, the nucleosome must first unwind. Therefore,
the rate at which a nucleosomes unwinds, as well as the mechanism of un-
winding, is vital to understanding how reversible DNA packaging can regulate
biological processes. Using single molecule optical tweezers, we demonstrate
that the nucleosome can unwind into two structurally distinct states at two
vastly different rates. We also show that we can change which pathway is
dominant by changing the ionic strength or by making a single point mutation
in histone H4. These results demonstrate that nucleosome unwinding is highly
tunable and leads to the hypothesis that in vivo histone variants and histone
modifications may function, at least in part, by modulating between these
two states as a way to regulate the rate of nucleosome unwinding and there-
fore the rate of transcription. In addition, structural differences between these
two states could be differentially recognized by proteins and remodeling fac-
tors that act upon chromatin in vivo, as well as provide a mechanism for his-
tone variant exchange.
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The ability of the cell to selectively alter the strength of the association between
the DNA and the histone core in the nucleosomes is vital for biological function
of the chromatin.
Yet the exact mechanism of the control is unclear.
We propose that alteration of the charge state of the globular histone core is
one mechanism for control of the nucleosome stability. The wrapping/unwrap-
ping transition in the nucleosome is first studied by a simplified physical
model which reveals the general principle. Then, we switch to a detailed
description based on the available atomic structures of the nucleosome com-
plex, and models of several partially assembled states of the nucleosome,
including the tetrasome. It is shown that while the nucleosome itself is
much more stable than a typical protein, its peculiar shape dictates that
even small changes in the charge of the globular histone core can significantly
loosen the core-DNA association. All possible single site acetylations and
phosphorylations (PTMs) in the globular core are investigated, and their effect
on the nucleosome stability is quantified; good agreement with the available
experimental points is achieved. While no single charge-altering PTM can
completely unwrap the DNA off the histone core, some PTMs destabilize
the nucleosome considerably. These correlate with known lethal phenotypes
in previous in-vivo studies. On the other hand, many possible PTMs have
negligible effect on the nucleosome stability, suggesting their potential role
as neutral markers. The proposed ‘‘map’’ of the nucleosome stability by
charge altering PTMs can be used to plan future experiments and rationalize
existing ones.
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The binding of histones and the formation of nucleosomes play major roles in
bundling DNA into chromatin in eukaryotic cells. This process not only facil-
itates the packaging of DNA in the cell nucleus but also influences the commu-
nication between distant genomic sites, such as enhancers and promoters found
at the ends of protein-mediated loops. The details of chromatin organization,
however, remain unclear. In particular, the effects of nucleosome positioning
(i.e., the sequential locations of nucleosomes along DNA) on chromatin archi-
tecture are still poorly understood. With a view toward understanding the inter-
play between nucleosomes and DNA in chromatin, we have developed a
mesoscale model of nucleosome-decorated DNA at a resolution of a single
base pair. We use Monte Carlo numerical strategies to unravel how nucleo-
somes shape DNA into chromatin and we validate our model by successfully
reproducing various experimental measurements. With the help of a cloud
computing approach we have been able to perform simulations for a wide range
of nucleosome positionings, that is, for a wide range of DNA linker lengths.
Our results show a broad variety of chromatin organization. This structural di-
versity, which extends beyond the conventional solenoid and zigzag models of
chromatin, comes along with very different physical and mechanical properties,
